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While  studying,  during  the  past  two  years,  1  the  effects  of  the 
intraspinous  mode of treatment  of syphilis  of the  central  nervous 
system,  we  have  incidentally  tested  the  effects  of  salvarsanized 
blood serum upon the spirochaeta of relapsing fever. 
Gonder  2 noted  that the  serum of rats  injected intravenously with large doses 
of  salvarsan  exhibited  a  spiroeh~eticidal  effect  on  Splrochceta recurrentis.  The 
rat  serum  was  permitted  to  act  upon  a  suspension  of  spirochaetm  which  were 
subsequently  injected  intraperitoneally  into  mice;  the  mice  remained  free  of 
infection,  while  the  controls  injected  with  spirochmtm  acted  on  by  normal  rat 
serum  developed  infection.  Spirochcetce gallinarum  were  similarly  injured  by 
the  blood  serum  of  hens  intravenously  injected  with  salvarsan,  while  intra- 
muscular  injections  were  less  active.  The  spiroch~eticidal  effect  was  observed 
only after  the treated  sp!roeh~etm  were  injected into  animals,  as no  difference in 
motility between  treated  and  untreated  spirochmtm  could be  demonstrated.  The 
blood  taken  shortly  after  the  salvarsan  injection  was  most  active,  and  the 
spirochmticidal  effect  disappeared  in  a  few  hours,  but  was  parallel  with  the 
intensity  of  the  P-dimethylamidobenzaldehyde  reaction  of  the  serum  for  sal- 
varsan.  Finally,  the  serum  of salvarsan-treated  rats  exhibited a  curative  action 
in  mice  infected  with Trypanosoma  brucei. 
METHODS. 
In the present study Spirochceta dutton~, propagated in white rats 
or mice,  has  been employed.  On  the  third  day after inoculation, 
the ~olood usually contained  fifty or more spiroch~et~e  per  field  of 
the  dark-field microscope.  When the virulence of  the  spiroch~etm 
fell  off,  it  was  raised  by  more  frequent  animal  passage.  The 
suspension  for  performing a  test  was  prepared by bleeding an  in- 
fected mouse or  rat into  normal  saline,  and  the  blood  was  diluted 
* Received  for  publication,  June  27,  1913. 
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with  saline  until  the  required  number  of  spiroch~eta~  per  field  was 
obtained.  One  cubic  centimeter  of  the  spiroch~eta  suspension  was 
mixed with one cubic centimeter of the serum or dilution of serum, 
as  indicated  in  the  protocols,  the  resulting  mixture  being  well 
shaken  and  'then  incubated  at  37 °  C.  for  one  hour.  One  cubic 
centimeter  of the mixture,  representing o. 5  of a cubic centimeter  of 
the spiroch~eta  suspension, was  injected  into mice  intraperitoneally. 
The blood of the inoculated mice was examined daily with the dark- 
field microscope and twenty fields of each preparation were counted. 
The  average  number  of  spiroch~et~e  per  field  is  indicated  in  the 
protocols.  Control  mice  inoculated  with  the  same  amount  of  un- 
treated spirochmt~e or spiroch~et~e  mixed with untreated  serum were 
used.  Only those experiments in which the controls showed a good 
infection were accepted. 
PROTOCOL  I. 
The  Action  of  the  Serum  of  a  Normal  Rabbit  Treated  Intravenously  with 
Neosalvarsan. 
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A normal rabbit  was bled into centrifuge  tubes before and  at intervals  after 
intravenous  injections  of a  watery  solution  of neosalvarsan  in the  dose of o.15 
gin. (equivalent  to o.I gin. salvarsan)  per  kilogram of body weight.  The serum 
was  allowed  to  separate  over  night  and  centrifugalized  the  next  day.  The 
spirochmtal  blood  came  from  a  rat  inoculated  three  days  previously;  it  was 
diluted  to 20 c.c. with  saline, so  that  each  field contained  between  fifteen  and 
eighteen  spiroehmtm.  This  suspension  was mixed with various  dilutions  of the 
rabbit  serum,  incubated  one hour and  injected  into  mice. 
The spirochmtm from each tube showed no diminution of motility 
under  the  dark-field  microscope.  The  rabbit  serum  had  a  definite 
spirochmticidal  effect,  which  was  most  marked  in  that  taken  im- 
mediately  after  the  neosalvarsan  injection  and  steadily  diminished 
as  the  interval  between  treatment  and  bleeding  increased,  until  it 
had nearly disappeared  at the end  of six and  one half  hours.  The 
effect  also  disappeared  in  higher  dilutions  of  the  serum.  Hence 
the  action  of  the  rabbit  serum  accords  with  the  results  obtained 
by  Gonder. 
PROTOCOL  II. 
The Action  of  the Heated Serum  of a Rabbit  Treated  Intravenously  with 
Neosalvarsan. 
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A normal rabbit  was injected intravenously  with neosalvarsan  in the dose of 
o.I5  gin. (:o.I  gin.  salvarsan)  per  kilogram  of  body  weight;  it  was  bled 
before, immediately after, and one and two hours after treatment.  The separated 
serum was divided  into two lots and one half of each lot was heated at 56  °  C. 
for  thirty minutes.  Various  dilutions  of  the  unheated  and  heated  sera  were 
incubated  with  a  suspension  of S.  duttoni  and  injected into  mice. 
The  human  serum,  injected  intraspinously  into  patients  with 
syphilis  of the central nervous system,  is  heated  to  560  C.  for one 
half  hour,  in  order  to  kill  any  micro6rganisms  which  might  be 
present.  After  observing  that  the  serum  of  neosalvarsan-treated 
rabbits exerted a  spirochaeticidal action, we tested the effect of heat- 
ing the serum upon its act.ion on the spirochaeta.  Protocol II shows 
that  instead  of  decreasing  the  spirochaeticidal  action,  the  heating 
markedly  increased  it.  The  mice  inoculated  with  spirocha~tre, 
treated with rabbit serum which was withdrawn one and two hours 
after  the  neosalvarsan  injection,  all  developed  some,  but  a  less 
degree of, infection than the control animals;  while the correspond- 
ing mice,  injected with spirocha~ta~ acted upon by heated serum,  all 
remained  free  from infection.  Moreover, the heated serum,  taken 
two  hours  after  the  neosalvarsan  injection,  exerted  as  strong 
spirochaeticidal action as did the unheated  serum taken immediately 
after the injection, while the serum obtained  from the rabbit before 
treatment  (serum  A)  was  devoid  of  action  whether  unheated  or 
heated.  Honce,  the  effect  of  heating  was  to  increase  the  spiro- 
chaeticidal  action  o,f  the  salvarsanized  serum,  and  not  to  render 
more  effective  some  spiroch~eticidal  substance  in  normal  serum. 
The serum of rabbits that received o.o75 of a  gram of neosalvarsan 
per kilogram of body weight was diluted  I  to 5 and  I  to IO, as well 
as  I  to 2  and  I  to 4, and acted in the same manner. 
PROTOCOL  III. 
Comparison  of  the  Prophylactic  and  Curative  Action  of  the  Serum  of  a 
Neosalvarsan-Treated  Rabbit. 
Mouse. 
]B--I 
B--2 
C--I 
C--2 
Rabbit serum  Heated or 
obtained after  unheated• 
treatment. 
Immediately  Unheated 
Immediately  Heated 
i  hour  Unheated 
I  hour  Heated 
Day after inoculation. 
Serum injected. 
x  {  2  3  4  5 
Intraperitoneally  ~  o  "~1 0  O  O  O  o 
Intraperitoneally  ~  =~  ~jo  0  0  0  :t:w 
Intraperltoneally  ¢*'~  ~  0  +  ++  -*-w  =ew  09 
Intraperitoneally]  ~  ~  ~ [ 0  0  0  0  e= w Homer F. Swift and Arthur  W. M.  Ellis.  439 
~Rabbitserum 
Mouse.  obtalnedafter 
treatment. 
Eontrols 
A--2  Before 
X 
B--5  Immediately 
B--6  Immediately 
C--5  ~ hour 
C--6  I hour 
Heated or 
unheated. 
Heated 
Unheated 
Heated 
Unheated 
Heated 
Serum injected. 
Intraperitoneally 
Intraperitoneally 
Intraperitoneally 
Intraperitoneally 
Intraperitoneally 
x 
+ 
i 
.4- 
Day after inoculation. 
I 
2  3  I  4  5 
++  ++  o  o 
++  ++  o  o 
o.~ =1 
+o÷  Oo  o° 
i ir +++o  o  ++  o  o 
A  normal  rabbit  was  injected  intravenously with  neosalvarsan, 0.075 gm. 
(=o.o5  gm.  salvarsan)  per  kilogram of  body weight,  and bled  before,  imme- 
diately after, and one hour after treatment.  The serum was divided and one half 
of  each  specimen was  heated at  56 °  C.  for  thirty minutes.  Mice of  the  same 
weight were  each  inoculated intraperitoneally with  0.5  c.e. of  a  suspension of 
infected mouse blood,  so diluted that there were five to six spirochmtm per field. 
Part of the mice wire immediately injected with 0.5 c.c. of various specimens of 
heated  and  unheated  treated  rabbit  serum.  The  remainder  were  treated  the 
following day, whefl all had developed a moderate inf.ection ; they received 0.5 c.c. 
of  the  same serum. 
The  prophylactic  effect  of  the  rabbit  serum  was  more  marked 
than  the  curatiye  action.  Since  the  spiroeh~eta~  and  serum  were 
not brought  into contact in the  test-tube,  as  in the  previous experi- 
ments, the action of the  serum was  exerted in vivo.  The  increased 
action of the heated  serum was ,again brought out, both  as  regards 
the  protective  and  curative  effects.  In  fact,  no  curative  action 
whatever  was exhibited by the  unheated serum. 
Having  determined  that  the  serum  of  rabbits  injected intraven- 
ously  with  neosalvarsan  exercised  both  prophyl'actic  and  curative 
action, the  study was  continued with human  serum which had been 
used  in the  intraspinous treatment of  patients  with  syphilis of  the 
central nervous system. 
A  patient,  weighing  57  kilograms,  with  tabes  dorsalis,  received  0.9  gin. 
neosalvarsan  intravenously.  The  amount  per  kilogram  of  body  weight  was 
practically  o.o15 neosalvarsan  (-~ o.oi  salvarsan).  Blood  was  taken  before, 
immediately after,  and  one  hour  after  treatment.  The  serum  was  separated 
and  half  of  each  specimen  was  heated  at  56 °  C.  for  thirty  minutes.  The 
spirochmta  suspension consisted of  the blood of two  mice on the  third  day of 
infection, diluted  to  20  c.c.  i  c.c. of  each  of  the  various  dilutions of  serum 
was  mixed with I  c.c. of the  spiroch~eta  suspension and incubated one hour at 440 
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37%  Mice were  then  injected  intraperitoneally  with  I  c.c.  of  the mixture.  To 
determine whether  the serum acted  inside or outside the animal body,  the. mix- 
tures  of  serum  and  spiroch~etm,  C-4,  C-5,  and  C-6,  after  incubation,  were  cen- 
trifugalized  for  twenty-five  minutes  and  all  the  spirochmtm  thrown  down,  as 
shown  by microscopical examination  of the supernatant  fluid.  This  supernatant 
fluid  was  pipetted  off  and  the  spirochmtm  resuspended  in  normal  saline  and 
injected intraperitoneally. 
The spiroch~eticidal action of the unheated human serum obtained 
immediately after  .and  one  hour  after  treatment  was  practically 
identical.  The  serum  obtained  immediately  after  treatment  and 
heated  was,  however,  more  active  than  the  heated  specimen  ob- 
tained  'an  hour  later.  The  heating  increased  the  action  of the 
human serum  in  the  same manner  as  it  incl-eased that  of  rabbit 
serum.  The spirochmt~e acted on by the serum in vitro and centri- 
fugalized  free  from serum produced infection in mice only in  the 
same degree as did the corresponding dilutions in which both serum 
and spirochmt~e were injected.  From this it follows that the spffo- 
chmticidal  action  took  place  in  the  test-tube,  though  this  action 
could  be  brought  out  only after  the  treated  spirochmt~e  were  in- 
jected  into  susceptible  animals,  since  the  organisms  were  actively 
motile  after  their  treatment.  Castelli  8  in  a  similar  experiment 
noted that dilute solutions of neosalvars,an in normal serum exerted 
in  test-tubes  a  spirochmticidal  action  upon  Spirochceta  recurrentis 
and Spirochceta  gallinarum,  and  the  effect was  demonstrable only 
after  the  micro6rganisms  were  injected  into  animals.  He  con- 
cluded tbat the salvarsan was attached directly to the protoplasm of 
the parasites,  and  that  the  parasiticidal  action  was  probably  com- 
pleted by the body cells. 
PROTOCOL  V. 
The  Duration  of  the  Spiroch6eticidal  Action  of  the  Serum  of a 
Neosalvarsan-Treated  Patient. 
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Some  weeks  later  the patient used  in  protocol  IV  again  received  0.9  gin.  of 
neosalvarsan intravenously.  Blood was taken before, and one,  three, six,  eleven, 
and twenty-four hours after treatment.  The serum was  separated and heated at 
56  °  C.  for  thirty  minutes.  Various  dilutions  of  each  bleeding were  allowed  to 
act  on  the  spirocbret~e,  and  the  mixture  injected  into  mice,  as  in  the  previous 
experiments. 
The  spirochmticidal  action of the heated serum decreased in pro- 
portion  to  the  time  that  elapsed  between  treatment  and  bleeding, 
some  spiroch~eticid'al  action  being  still  present  eleven  hours  after 
treatment,  while after twenty-four hours the serum showed no more 
effect  than  normal  serum.  The  Abelin 4  diazo  reaction  for  salvar- 
san  was  applied  to  the  serum  used  in  this  experiment.  One  cubic 
centimeter  of  each  specimen  was  tested.  A  deep  rose  red  ring  is 
the typical reaction.  The  results are shown in protocol V-A. 
PROTOCOL  V-A. 
The Abelin Diazo  Reaction in  the Serum  Used  in Protocol  V. 
Serum.  Obtained after treatment.  Reaction. 
C  I  hour  'Deep  red  ring. 
D  3  hours  Moderate  red  ring. 
E  6  hours  Orange  red  ring. 
F  i i  hours  Light  orange  ring. 
G  24 hours  Green  brown  ring. 
A  Before  Green  brown  ring. 
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The  color  reaction  decreased  in  proportion  with  the  spiro- 
ch~eticidal  action  of  the  serum.  A  slight  color  reaction  was  still 
demonstrable in the  eleven hour  serum,  while the  twenty-four  hour 
specimen  and  serum  before  treatment  reacted  alike.  In  another 
experiment  in  which  the  spiroch~eticidal  action  of  the  serum  was 
slightly less marked, the diazo color reaction and  the spiroch,'eticidal 
action  were  also parallel.  Hence,  the experiments  suggest that  the 
action  of  the  serum  on  the  spiroch~eta  is  due  to  its  salvarsan 
content. 
PROTOCOL  VI. 
Comparison  of Action  of Serum  of Patients Treated with Salvarsan 
and  Neosalvarsan. 
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A  patient weighing 67 kilograms,  with latent  secondary  syphilis,  received o.5 
gin.  salvarsan,  and another  weighing 57 kilograms,  with  tabes  dorsalis,  received 
0.75  gin.  neosalvarsan  (corresponding  to  0.5  gin.  salvarsan)  intravenously. 
The  dose  of  salvarsan  per  kilogram  for  the  first  was  0.0075 gin.,  and  for  the 
second  0.0o88 gin.  Blood  from  each  was  taken  before,  ten  minutes  after,  and 
one hour  after  treatment.  Half  of  each  specimen  of the  serum  was  heated  at 
56 °  C.  for  thirty  minutes.  The  experiments  were  as  before. 444  Spirochceticidal Action of Serum. 
The  results  indicate that  the  serum of patients  treated  with  neo- 
salvarsan  exerts  slightly more spiroch~eticidal action  on gpirochceta 
duttoni than  that  of patients  treated  with  salvarsan.  This  differ- 
ence may be due to the  fact that  neosalvarsan  is more soluble than 
salvarsan.  When  the  alkaline  salvarsan  is  brought  into  contact 
with the blood, a  part is precipitated and this precipitate is probably 
deposited  in  the  organs.  The  neosalvarsan,  being  neutral,  is  not 
precipitated,  and hence more of it probably remains in the blood for 
a  short  period  after the  intravenous  injection.  To test this  point, 
two sera were submitted to the Abelin diazo reaction  for salvarsan. 
Various  dilutions,  ranging  between whole serum and  I  to  32  were 
prepared  and  one cubic centimeter  of each dilution  was ~ested. 
PROTOCOL  VI-A. 
The Abelin Diazo  Reaction  in  the Sera  Used  in  Protocol  VI. 
Dilution  of serum.  Salvarsan serum.  Serum B.  Neosalvarsan  serum.  Serum BB. 
I:I 
I:2 
I:4 
I:8 
I:i6 
i  :32 
I:I 
I12 
I:  4 
I:8 
I:I6 
I-'I 
Orange red ring 
Light orange red ring 
Red brown ring 
Faint red brown ring 
Green brown ring 
Green brown ring 
Serum C 
Orange red ring 
Light orange red ring 
Faint red brown ring 
Green brown ring 
Green brown ring 
Green brown ring 
Serum A 
Brown ring 
Deep red ring. 
Orange red ring. 
Light orange red ring. 
Red brown ring. 
Green brown ring. 
Green brown ring. 
Serum CC. 
Deep red ring. 
Light orange red ring. 
Red brown ring. 
Green brown ring. 
Green brown ring. 
Green brown ring. 
Water. 
Green brown ring. 
The results indicate that more salvarsan was present in the serum 
of  the  patient  treated  with  neosalvarsan  than  in  the  one  treated 
with  salvarsan.  The  difference  was  more  marked  in  the  blood 
drawn  ten  minutes  after  treatment  than  one  hour  later.  The 
poorer  salvarsan  content  probably  explains  the  smaller  spiro- 
ch~eticidal  action  in  the  latter  serum.  This  difference  need  not 
necessarily apply to Treponema pallidum,  for Castelli  5 showed that 
while the curative dose of salvarsan  and  neosalvarsan,  computed  in 
5 Castelli,  G.,  loc.  cit.,  p.  321. Homer F.  Swift and Arthur  W. M.  Ellis.  445 
weight  of  salvarsan,  was  the  same  for  Spirochceta  recurrentis  in- 
fections  in mice,  the  rule  did  not hold  for  the  pallidum,  for  twice 
as much neosalvarsan as salvarsan was  required  to cure  syphilis in 
rubbits. 
PROTOCOL  VII. 
The Effect  of Adding Normal Serum  to Heated Salvarsanlzed Serum. 
Mouse. 
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A  patient, weighing 57  kilograms, with  tabes  dorsalis,  received 0.75 gm.  of 
neosalvarsan (corresponding to 0.5 gin. of salvarsan)  intravenously.  Blood was 
obtained immediately before treatment (serum A) and ten minutes after treatment 
(serum B).  The serum was separated and one half of each  specimen heated at 
56 °C. for one half hour.  The suspension of spiroch~etxe was similar to that of 
previous  experiments.  Several  sets  of  tubes  were  set  up.  In  the  first  the 
spiroch~etee were mixed with heated  serum B, in the second with  heated  serum 
B and unheated serum A, in the third with heated serum B and heated serum A, 
in the  fourth with unheated serum B,  and in the fifth with unheated serum B 
and unheated serum A.  After incubation for  one hour,  the  various mixtures 
were injected into mice, each mouse receiving an amount which contained o.5 c.c. 
of the original spiroehmta  suspension. 
The spirochmticidal action of the  salvarsan-containing serum,  in- 
creased by heating, was partly abolished by the addition of unheated 446  Spirochc~ticidal  Action  of Serum. 
normal  serum.  The  addition  of  heated  normal  serum  to  heated 
salvarsanized  serum  did not  diminish  appreciably the  action of the 
salvarsanized  serum.  The  addition  of  unheated  normal  serum  to 
unheated  salvarsanized  serum  did  not  increase  its  spiroch~eticidal 
action.  These  results  indicate  that  the  increased  spiroch~eticidal 
action  of heated  salvarsanized  serum,  as  compared  with  the  same 
serum unheated,  is due,  in part at  least, to the destruction  of some 
inhibiting  substance which  is comained  in  both  normal  and  salvar- 
sanized  serum.  It is probable that the  increased  activity of heated 
serum  is  not  due entirely  to the  destruction  of this  inhibiting  sub- 
stance,  since,  if this were the case, the addition of an equal amount 
of  unheated  normal  serum  should  supply  sufficient  inhibiting  sub- 
stance  to  neutralize  the  effect  produced  by  heating;  the  mixture 
would,  therefore,  behave  exactly  like  the  unheated  salvarsanized 
serum.  This, however, was not the case,  for the mixture of heated 
salvarsanized  serum  and  unheated  normal  serum  was always more 
spiroch~eticidal  than  the  unheated  salvarsanized  serum  alone.  Be- 
sides,  protocol  III,  in  which  both  the  prophylactic  and  curative 
effects  of  the  salvarsanized  rabbit  serum were  exerted  within  the 
bodies  of  mice,  indicates  that  heating  increases  the  action  of  the 
serum.  If  the  increased  activity  were  entirely  due  to  the  de- 
struction  of  some  inhibiting  substance  by  heating,  it  would  seem 
that  the  mouse  serum  should  supply  the  inhibiting  substance,  and 
both  unheated  and  heated  serum  act  alike.  The  heated  serum, 
however,  always  excited  a  more  marked  action  than  the  unheated 
serum.  It is probable, therefore,  that  the effect of heating,  besides 
destroying some inhibiting substance in normal  serum,  increases the 
spiroch~eticidal action of the salvarsan-serum  mixture  by producing 
some change in the mixture. % 
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A patient, weighing 56 kilograms, with tabes dorsalis, received o.5 gm. of sal- 
varsan intravenously.  Blood was obtained before treatment (serum A)  and one 
hour after (serum C).  Twenty-four hours later cerebrospinal fluid was obtained 
from the  same patient.  This fluid contained  an excess  of globulin.  Half of 
each specimen of the serum and half of the cerebrosplnal fluid were heated  at 
56 ° C. for thirty minutes.  An experiment was made in the same manner as the 
preceding one, with the addition of two sets of tubes, viz., heated  salvarsanized 
serum  with unheated  cerebrospinal  fluid, and heated  salvarsanized  serum  with 
heated cerebrospinal fluid. 
The  object  was  to  determine  whether  cerebrospinal  fluid  con- 
tained  an  inhibiting  substance  similar  to  that  in  unheated  serum. 
It was necessary to duplicate protocol VII as a  control.  The  addi- 
tion  of  normal  unheated  serum  decreased  somewhat  the  spiro- 
ch~ticidal action of the heated salvarsanized  serum,  as  in  the  pre- 
ceding experiment.  The  addition of heated normal serum  and  of 
cerebrospinal  fluid,  both  heated  and  unheated,  to  the  heated  sal- 
varsanized serum had only slight effect, shown by delayed infections 
in  the  mice  receiving  mixtures  of 0. 5  of  a  cubic  centimeter.  All 
the mice  (except  C--2)  which  failed to  show early infection, de- 
veloped  slight,  short  infections between  the  fifth and  eighth  days. 
We  have  frequently noticed that the late  developing infections are 
usually  slight  and  irregular  in  time  of  development,  so  that  little 
weight  can  be  placed  upon  them  beyond  showing  that  all  spiro- 
ch~eta~ were not killed.  The apparent  spiroch~eticidal action of the 
cerebrospinal  fluid alone is probably due to the  fact that very little 
serum was present  in the mixture  during the period of incubation. 
We have repeatedly noticed that spiroch.~tm incubated for one hour 
in  normal  salt solution  failed to produce  as  severe  an  infection as 
organisms  after  incubation  in  normal  serum.  Under  the  dark- 
field microscope,  at the  end  of one  hour's  incubation,  many of the 
spiroch~et~ incubated with salt solution appeared  granular and had 
lost  their  motility,  while those  incubated  with  normal  serum  were 
actively motile.  As  cerebrospinal  fluid is hypotonic,  it  is  probable 
that many of the  spiroch~et~e  incubated  in  it were  permanently  in- 
jured.  When serum  was  present  in  the mixture,  the  hypotonicity 
was  diminished; hence  the spiroch~t~e  were  injured  less.  The  in- 
hibitory substance present in normal serum and destroyed by heating 
at  5(5 °  C.  is  absent  from  cerebrospinal  fluid,  even  when  the  fluid 
contains an abnormal amount of globulin. Homer F. Swift and Arthur W. M. Ellis.  449 
In so far as the results obtained with one variety of spiroch~eta can 
be applied to another variety, the wo.rk here presented suggests that 
the serum of patients treated with salvarsan should have a  distinct 
spiroch~ticidal action on  Treponema pallidum.  Probably  the best 
way to treat many of the manifestations of syphilitic infection of 
the  central  nervous  system  is  to  introduce  the  therapeutic  agent 
directly into the cerebrospinal fluid, which carries it directly to the 
diseased tissue.  We  6 have been able to  demonstrate that  the sub- 
dural  injection  of  the  serum  of  salvarsan-treated  patients  has  a 
definite curative action in  syphilitic  disease of the central nervous 
system.  The  above experiments with Spirochceta  duttoni  suggest 
that  this  curative action is  due to 'the direct spiroch~eticidal action 
of the salvarsanized serum. 
SUMMARY. 
I.  The serum of rabbits treated intravenously with neosalvarsan, 
and  of  syphilitic  patients  treated  intravenously  with  salvarsan  or 
neosalvarsan, has a  definite spirocha~ticidal action upon Spirochceta 
duttoni. 
2.  Although this  spirocha~ticidal action is exerted in vitro, it can 
be demonstrated only after the treated spiroch~eta~ are injected into 
susceptible animals. 
3.  A  curative action of the serum of neosalvarsan-treated rabbits 
is exercised on mice infected with Spirochceta duttoni. 
4.  The  spiroch~eticidal action  of the  serum of  salvarsan-treated 
rabbits and patients is markedly increased by heating at 560  C.  for 
thirty minutes. 
5.  The  increased  spiroch~etieidal  action  produced  by  heating  is 
due in part to the destruction of some inhibitory substance contained 
in  normal  serum  and  in  part  to  a  direct  effect of the  heat  upon 
the serum and salvarsan mixture. 
6.  Cerebrospinal fluid does  not contain the  inhibitory  substance 
present in  normal unheated serum. 
6 Swift,  H.  F., and  Ellis, A. W.  M.,  loc.  cir. 